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Fig. 1 Location map showing the Shinjo， Shimizu， Tori， 
Akamatsu， J(ionda and Hijiol'i. 
調査地位置図
57 
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1970年， 1973年， 1974年のものと融雪が比較的小さい1971年， 1972年の値の時系列として





常用の方法117)によって雪の含水率 (W)，雪温 (T)，雪質 (F)，粒度 (D)，硬度 (R)，密度
(G) を調べた.場所は崩落地西側の大径広葉樹林内および南側の峰を越した裏側斜面であ
る.結果は Fig.4のようであって， 積雪深は 60cmくらい，殆んどざらめ雪であり，大
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る傾向にある.そこで釜淵では HSm仰が 160cm，十日町では 200cmを境に積雪深の大
きい年と小さい年とに分けてそれぞれの積雪深 h(m)と平均密度言との関係式を求める
と以下の知くである25)• 
r g=0.506-0.0018 h (m) 












9 山腹土砂の移動およびその制御に関する研究ー 一ー 遠藤
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Fig. 5 Water stage at neibouring river 
(Kionda station of Tohoku construction office) 
付近河川の水位






















Change of air temperature and snow me1t in mountain slope 
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Snow me1t at Shimizu observation station 
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78m ~こ多く，東側の標高 78m 付近にとくに多いことがわかる.土石流到達の前線である
北側には比較的少なく，山腹に生立していたスギは自らが移動した後に山頂近くから滑落
して来た土砂によって押し分けられ，左右に分れた形であることがわかる.


























YEARS FROM THE SURFACE 












長は劣るが No.1に見るように， 25年前 (1948
年)に生育が悪くその後回復しているのは注目














Fig. 10 Compression wood (hatching 
parts) in the cross section 
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1林班大徳沢沿いのものは比較的大規模であった.延長 40m，幅約 20m，比高約 20m
の区域が崩壊していた.基岩は安山岩で一部に花樹岩がまじっている.崩壊前の傾斜は崩
壊地周辺の傾斜から見て全体として約27"， 上部で約370であり，崩壊地には上方斜面から
























Landslide causing snow melt 
at Daitokuzawa in Kamina-
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Flooding a…向Mass movement 
Debris flow 
Torrent erosion 
Table 2 Classification of mass movement in mountain slope 
(from RINGYO DOBOKU Handbook) 
山腹筋嬢・最1]落の分類
Class External force Reaction Feature 
Plate state Percolation Saturating and Slided soil mass 
Heavy rain sliding is like a pla te with sliding face. 
Earthquake 
Shell state Heavy rain Saturating and Dsheelpl lsy t dragged 
Seepage Crumbling ate， moved centroid is at bot-
Percolation tom of the shell. 
Tree branch state Heavy rain Saturating and There is only one 
Avalanche Crumbling stripe， also. Most1y， developed 
from shell state. 
Separation Small size. 
Heavy rain Occurred ran-
Separating domly， and 




















Table 3 Classification of land slide 
山崩れの分類
With valley erosion Without valley erosion 
1) Degradation type 1) Heavy rain type 
2) Bank erosion type 2) Underground water type 
3) Earthquake type 




























































Tabl巴 4 Change of land use at Rokko area 
六甲地区の土地利用形態の変化
Year 1956 1967 Rate of lncrease 
ha. ha. (%) 
Forest 2，321.94 2，151.65 - 7.3 
Grass land 50.29 54.28 + 9.0 
Agricultural land 7.82 0.26 - 96.7 
Park， Pleasure land 1.75 2.88 十 64.6
Road 33.00 26.90 - 18.9 
Quarry 1.50 8.50 +466.7 
Park area， Bas巴 bal1field 。 6.96 + 
Fire break， SABO working area 1.46 4.31 +195.2 
Reservoir， Swamp， Pond 10.36 10.67 + 3.0 
Graveyard， Crematory， Filtration 
plant 6.75 7.50 + 10.1 
Freparation land 47.07 32.26 - 31.5 
Urban area 244.97 315.17 + 28.7 
Denud巴dland 15.34 69.04 +350.1 
Devastated torrent 25.69 7.02 +199.8 
Total 2，767.94 2，767.94 
Seetl・nT 
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Fig. 16 Changes of stream cross section (Dobashi). L: distance from Dobashi 
station ofRokko cable way toward upstream. Section 1-4 are concrete 
channels， 5 is riverbed fixing structure， 7 a dam. EL : Elevation. 
流路断面の変化(土橋)
任意の距離 L をとってその地点での横断面を測量した結果である.土橋の場合には山地
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積の大小や位置のとり方に原因がありそうなので調査区分の再編成を試みた.No. 1， No. 2， 













Land slide area x 1.000 
Forest area 
afresh present state 
万%.
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Devastated ratio and occurred 
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崩壊面積率と発生数
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Fig. 20 Devastated ratio 'and watershed 
inclination. half black circle ; 
the present state， white circle; 
the new state 
崩壊面積率と流域傾斜





















































































































Forest age， Young : 0-20 year， Middle-aged : 21-40 year， O!d : 41years over 










記以外すなわち針葉樹25~75%) の 3 種に分け，林齢は幼年 (O~20年)，壮年 (21~40年)，
老年 (41年以上)の 3穏とし，粗密度は樹冠の被覆度を樹冠投影面積の割合で表わし a










Teble 7 Forest conditions and landslides (2) 
林相と崩壊 (2)




Forest 0-20 254.15 9.94 3.91 
age (year) 21-40 904.05 
25.98 2.87 
41- 993.45 25.21 2.54 
Crown -10 69.72 2.65 3.80 
cover 11-40 136.27 4.83 3.54 
densit(y 96) 41-70 1，307.38 39.70 3.04 
71- 638.28 13.95 2.18 
Total 2，151.65 61.13 2.84 
Table 8 Land use and landslides 
土地利用と山崩れ





Pastul'e， Grass land 


















































































ASHI ZAWA NO.I 
Fig. 22 Landslide in Ashizawa No.l 
芦沢の山崩れ No.l
7 
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Fig. 24 Headward valley el'・osionat 
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Fig. 25 Profile of eroding p3rt. An example 
for valley No. 1. L is the distanc巴
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Fig. 26 Cross-sectional profiles in the pocket part 
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Fig. 27 The vertical section of sediment accumula・
tion in the dam (H = 10m). Centre of crown 






1~2m おきに 7 ~23点，流路
と直角方向には 1~4m おきに
































Jhi の最大値は 146cmであるが， 70~89cm のものの頗度が大きい.測定点のうち，

















Tabl巴 9 Sedim巴ltproductioll 
土砂生産量
Area (ha) Erosive Sediment 
depth (mm) production 
bvy oltI1巴
by 
Erosive Deposited Total weigS/ht a) part part (m3jha) (ton 
Horizontal1y 0.14 0.20 0.34 34 340 510 
projected plan巴
Inc1ined surface 0.45 0.29 0.74 16 160 230 
area 
Note ; We got the value of the sediment production by weight， supposing the bulk 
density was 1.5 tonsjm3• These values were gotten in 1968. There should 




























Table 10 Topographical elem巴ntsin each drainage 
流域別地形要素
Draibnoa1 ge Area A Drainage Hyh%pt1some長icIntegrhヌat6l 3 No. sym density 
ha hm-1 
1 A1 42.7 1.4 45.8 46.0 
2 A5 11.3 1.38 57.0 59.4 
3 A6 18.9 1.42 54.7 54.9 
4 A 13 20.8 1.64 50.6 59.0 
5 B1 51.0 1.41 50.0 45.9 
6 C1 33.6 1.46 60.0 56.5 
7 D1 13.3 1.55 56.8 52.6 
8 El 59.4 1.40 62.6 59.3 
9 E2 61.3 1.05 55.0 55.5 
10 F3 20.7 0.87 58.3 46.9 
11 F6 7.4 1.34 44.5 40.5 
12 F8 36.0 0.99 50.3 44.2 
13 GX 21.5 1.34 54.0 58.6 
14 GY1 12.9 1.35 56.0 71.2 
15 GY2 15.4 1.27 46.2 46.7 
16 GY4 16.0 1.39 53.1 71.8 






山地の侵食過程は 1)流域傾斜， 2)谷密度， 3) relief ratio， 4)hypsometric integral 
などの地形要素を用いて数量的な説明が試みられている.地形的侵食ステージを表現する
のに山体体積の無次元表示である hypsometricintegralを用いるのは興味深い手法であ






Table 11 Erosional stage and hypsometric integral 
侵食ステージとヒプソメトリッグイシテグラル
You(h I Later youth I Maturity I 01d I 







ここで hi1 を原地形の hiとする.7ti1は流域の面積重心と流域長との比として求めら
れることが知られている.hi3を侵食をうけた現在のんとする.hi3はpercentagehypso・
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Fig. 29 Relation between erosion and the distance from main 



























Fig. 30 Drainage density and watershed 
main slope (By Murano) 
谷密度と流域の平均傾斜
(1， 1)








均距離 di，等高線開の帯状面積 ai を用
いて
1 月一DoSg=-i-2:;す~ (1，2) 
と定義される.また，山頂から下流端に












D=h (2hi3Rr3)s 1 
Dl =h (2hilRrl)s J 






(hi3Rr3)3 =(hi1Rr1)s (1十Da)e-αDd (1， 8)
従って
4:ト=士山a)l/se仰 )Dd (1， 9) 
となる.つぎに，2hi3Rr3とDaとの関係は経験的に RrsとDaとの関係に類似であると
ころから (1，8)式に相当する関係式として












hi3=hi1 (l+Da)b.e-aDd (1， 13) 
とt.rる90)• 
しかるに，山体容積の変化割合を考えると (1，13)式を変形するこ とによ って
(1， 11) 
(1， 12) 
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Fig. 31 Drainage density (Ddl and the state of erosion 
谷密度と侵食状況
85 






合，Ddとしては単位面積 (ha)当りの流路延長 (100m単位)をとっているので単位は 100
m/ha (hm : 100m)である.図には村野の資料から再計算した値(黒丸および半黒丸)も



















6 mX 1211，北谷で 5mx12mである.
。.03
Fig. 32 
0.1 0." 0.5 0.70.9 1.0 1，0 5.0 
01 G m・4・ (m"， ) 

































































Table 12 Sediment movement in Tatsunokuchi yama watersheds 
竜の口山流域からの土砂移動量
Minami dani Kita dani 
Volume of Weight of Runoff Volume of Weight of Runoff 
sediment sediment sediment sediment 
l10vement movement l10vemen t movemen t 
m3 kgjha 111m m3 kgjha ml1 
249 273 
1.5 27 378 3.3 116 398 
0.9 12 52 0.8 17 50 











343 469 558 549 
1.6 25 528 1.2 25 621 
1.7 32 642 0.9 32 746 
1.3 43 662 0.8 44 716 
1.1 9 306 0.8 7 328 
12 348 1 372 
2.0 26 466 1.1 15 461 
2.7 22 219 0.4 5 252 
1.9 27 322 1.1 10 326 
2.6 48 396 1.9 59 360 
2.7 111 420 2.5 69 367 
1.5 37 463 2.5 81 427 
1.6 15 633 0.9 16 526 
1.7 14 348 1.2 17 330 
2.4 33 873 0.8 22 846 
1.9 23 618 0.6 10 617 
2.5 19 514 0.7 8 510 
1.3 1 192 0.6 5 263 
477 526 
















































ものは 2か年の値であり， 1951年のものは11か年の累積量である. 1940年， 1951年， 1956 
年については容積表示の土砂移動量の記録がない.Tab!e 12によれば毎年の土砂移動量



















4 6 8，0 
A ( km2) 
The relationship between the volume of transported 
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Fig. 34 The influences of mean precipitation 
a year (R) to the sediment transport 





られる. Table 13には平常時の土砂量と降水量および流出量との相関を示した. 1960~ 
1962年の値は除外している.即ち，平常時にはある程度の相関がある.図と比較して見る
Tabl巴 13 Correlation coefficient between sediment movement in each val1ey 










































山形大学上名川演習林の 5千分の 1地形図と，ここを含む国土地理院の 5万分の l地形














5万分の l図における流路図を示すと Fig.35の如くである.渓流の数は14である. 5 
千分の 1図では渓流の数は19と読まれている.流路の延長では 5千分の l図が 67，000111で
あって 5万分の l図で測った流路長のほぼ2倍となっている. これを Table14に示す.
なお，流路の数は次数毎の流路の数の合計を示すものであり， STRAHLER法による場合の











Map of stream (valley name， divided number in the circ1e 




Chal'acteristics of tOl'ren ts. 
渓流の特性
Table 14 
Map scaled 1 ; 5，000 
No. of Max. 





Map scaled 1 ; 50，000 
Total No. of Max. 
length of stream order by 
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Table 15 Resu1ts of order analysis (1) 
次数解析の結果(縮尺別)
Map scale Method Bifurcation Stream Slope ratio Total stream 
ratio length ratio length ratio 
1 : 50，000 Strahler 
Horton 
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Table 16 Stream channel length 1 and slope in each order of 
stream (1) Strahler method 
次数どとの流路長と勾配(1)ストラーラ法
No. Name of Order I The 1st method 
valley 
I Number L，l 
i - method 
Number L，l 
口1 m 
1. Kotoku 1 740 0.28 3 770 0.21 
2 一 1 370 0.29 
2. Daitoku 1 5 1，675 0.29 48 6，505 0.39 
2 1 2，075 0.24 17 2，725 0.25 
3 一 5 1，950 0.25 4 l 2，110 0.22 
3. Syakul】ira 1 2 1，220 0.30 4 1，025 0.57 
2 1 225 0.16 2 1，225 0.31 
3 1 240 0.15 
4. Koshimizu 1 一 1 585 0.41 
5. Shimizu 1 1 490 0.42 2 250 0.51 
2 1 490 0.41 
6. Ohakidashi 1 2 650 0.36 4 760 0.72 
2 1 340 0.17 2 675 0.38 
3 1 290 0.20 
7. Kohakidashi 1 1 400 0.:6 5 440 0.49 
2 2 420 0.43 
3 一 1 150 0.21 
8. Shimonoko 1 4 1，485 0.37 49 7，030 0.51 
2 2 1，835 0.22 15 2，195 0.47 
3 1 300 0.15 3 2，615 0.30 
4 一 I 880 0.18 
9. Oara 1 3 1，115 0.34 19 2，227 0.71 
2 1 615 0.18 7 1，070 0.59 
3 一 2 545 0.35 4 一 1 625 0.18 
10. Bakemono 1 1 255 0.48 4 495 0.56 
2 一 一 1 245 0.38 
11. Koara 1 5 950 0.36 13 1，985 0.57 
2 1 620 0.28 4 725 0.35 
3 一 1 675 0.26 
12. Ominegiri 1 340 0.36 F υ 805 0.64 
2 一 1 530 0.39 
13. Ashi 1 18 3，720 0.29 100 11，582 0.49 
2 2 1，840 0.12 30 5，230 0.32 
3 l 2，425 0.9 7 2，130 0.25 
4 一 1 2，410 0.09 
Others 1 7 1，685 0.47 




Stl'eam channel length 1 and slope in each ol'del' of 
stl'eam (2) Horton method 
次数どとの流路長の勾配(2)ホ{トン法
Table 17 











































































































































































Table 18 Results of order analysis (2) 
次数解析の結果(定義別)
Defining Bifurcation Stream Slope .ratio 
m巴thod ratio length ratio 
The 1 st 4.85 1.61 
The 2 nd 3.94 1.42 
The 1 st 4.00 2.9，1 1.42 























全長 20m，1扇0.6mの片面ガラス張り可傾銅製水路 (Fig.38) の底面に防水ベニア板
を張り，下流端に水位調整の可動ぜき‘をつけた.上流側に原点をとり，下流方向に距離L
のマークをつけ，L= 3 ~l1m を実験範聞とした.水路の勾配は 1/50， 1/100， 1/200の
3種とした.流量は 41/secから 301/secの範囲でほぼ51/s巴Cのキザ、ミになるようにし，
給砂は平均直径 0.8111の砂を 4.151/secで鉛直に10秒間ずつ投下した. 給砂器は 20mm
o 3 5 7 9 1 
1 円







































It'o= {cp (gIcq)I/2) 1/3/Sgdcpo (1， 19) 
となる.一方，単位幅単位時間の流砂の実質容積をむとしたとき，






















Fig. 39 Water profile (1) 
Date : Sep. 9， Q = 15.3Ijsec， Qn =43.6/， Weir : 5.1Cl1l 
水面形 (1)常流
L (m) 
Fig. 40 Water profile (2) 
Date: Sep. 25， Q=4.0Ijsec， Qn=41.51 
水i奇形 (2)射流
1∞ト%ハ%
ν 、"・町、 ， 田トー 1¥今 t 、、/司、~、ー
句会 IAt. ¥← l、ー一--.....・------ベ ー l
I ";-¥L L J I % I 
0"ー 一ー周〓』ー-園
o 回 120 180 240 
t sec 





























裸地での IGとIvとは Tab!e19の如くである.Iv については木村59)によれば年間 4~
8 X102m3/haであり，関東地方での観測例71)は，南面で435.6m3/ha，北面で256.7m3 /ha 
である.平均的に見ると， 一般に裸地の凍上により分散し刺落した土量は 102m3/haのオ
ーダーである.これは山崩れによる 1回の
Table 19 Soil movement by frost heaving 
移動土砂量に等しいか若干小さめである at Mt. Aso. 
が，凍上現象が年々継続的に発生する現象 阿蘇山の凍上侵食霊
であるため，数10年の聞には軽視すること Year IG Iv Soil heaving 
のできない量が刺落していることがわか weight 
る.乾燥密度の大小を剥落土と凍上をうけ kg/m
2 102m3/ha kg/m3 
る前の土とについて比べると，来IJ落土は乾 1956 7.9-161 2.7-32 8.7 
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Mar.27 Mar.28，I967 
Fig. 42 Height of frort heaving and tem-
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Development of frost heaving and temperature change 
温度変化と凍上の発達
Table 20 




















































































































































いで11醤 50cm に斜面を鉛直に切取った.深さは 30cm~lm で根が存在しなくなる所までで
ある.切取り面から峰向きに， 幅30cm，奥行き20cm(後には20X 10c111)の土層を深さ方
向(t20C111(後には 10C111)ずつ採取し，現場で 6111111自の筒にかけ，根だけをポリエチレ







測定地点は Fìg.44 に示したとおりである.C 番号のものは1968年 1 月 10 日 ~12 日に調






'" /o 05lum 
Fig. 44 Location map of sampling plots in Rokko Mountains 
測定地点の位置図
。。
ニ1:l' 1 '/j' ιt:i'1Il-1'I 
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Fig. 45 Some exampJes of forest condition. Hatching shows th巴
trenching point. Numerals are diameter in breast high 















p 0 r (¥. I IY (・ノ'.)
Physical properties of soil. (empty circle : 
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Fig. 50 Landslide and root weight of 
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Fig. 52 Lanclslide and root weight ratio 










Fig. 53 Lands!ide and the depth 

























Tab!e 21 Observed data of tree age by an increment borer 
成長錐による樹齢の測定結果
















8 - 7 
11 - 9 
30 -30 
31 -29 
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16 2 4 6 8 10 12 14 
Cumulative runoff I.R 103 mm 














Th巴 observationstarts from this year. 
Pine bark beetle appeared in this watershed. 
Damaged tree by the beetle counted 141 in Kitadani， 239 in 
Minamidani. 
Old aged pine forest was cutting completely. 
Young aged forest cutting 6.63 ha in Kitadani. 
Brush cutting and land preparation executed in Minamidani. 
Landslide 0.1 ha in Kitadani. 
Planting the Hinoki and Kuromatsu in Minamidani， Akamatsu 
in Kitadani by natural regeneration. 
Destructed by forest fire whole area in Minamidani， partly in 
Kitadani. 
Planting Kuromatsu in Minamidani. 
Str・eambank cutting in Kitadani， 8 m wide， 555m long. 
Stream bank cutting in Kitadani， aditionally 8 m wide. 
1944-1945 
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4 2 3 
Cumulorive runoff (10' mm) 


























































存摘生をすべて剥ぎ、取った上，土も表層 10cmを削り取って凹凸を均し，幅 1111，長さ 2
11および幅1m，長さ 5mのi試験区をそれぞれ木枠で囲み外部から土砂や水が侵入しない
ようにした.2m区は11か所， 5111区は 2か所であり，各区の下端に土砂およひ守流水測定
用のコンク リー ト U字溝を埋設した.
c.施工方法
試験区内に水平に幅 5cm，深さ 5cmの溝を 25cm間隔に切り，ウィーピングラブグラ
スとケンタッキー31フェスクを交互に播種した.種子は発芽率，純度， 1 gあたりの粒数
を勘案して，1m2あたり生立本数が10，000本となる量とし，肥料は片倉チッカリン草地用
2号 (N，7，P，10， K，8， Mg，3，)を 1m2あたり 1.2kgもちいた.施肥にあたっては予め
肥料30kgが土 1m3に混合する割合で種肥土を作り，播き筋瀞に埋めるように撒いた.比
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Tabl巴 24 Measured resu1ts of slope profiles in plot No.2 (cm) 
主，;f図形測定値 (2号区，No. 5，545， cm単位)
Left line Right line 
10/13 10/23 11/1 11/11 12/2 12/27 10/13 10/23 11/1 11/11 12/2 12/27 
6.2 5.9 6.2 6.6 6.5 5.7 6.8 5.9 5.9 6.0 5.6 6.0 
5.9 5.4 5.5 5.3 5.4 5.5 υ5.5 5.0 5.1 5.1 5.9 5.5 
4.3 4.9 5.1 5.2 5.2 5.6 5.4 4.8 3.4 2.3 1.6 2.1 
5.8 2.6 1.3 0.9 0.1 。 6.6 4.1 1.5 0.2 -1.8 -3.4 
5.0 3.8 3.6 2.7 3.1 2.2 5.5 4.7 3.5 2.1 0.6 -1.5 
5.6 4.8 5.1 5.1 5.7 4.4 6.2 5.9 5.4 4.0 2.7 。
5・2 4.5 4.8 4.0 3.1 3.8 7.8 6.3 6.1 4.6 3.9 。
5.5 5.0 5.1 4.9 3.8 2.5 7.4 7.0 7.1 7.6 6.6 0.5 
5.3 3.7 3.8 3.9 3.3 1.4 7.6 7.2 7.0 5.6 5.2 0.8 
5.9 3.5 2.8 1.6 1.0 -0.3 8.0 5.9 4.9 2.7 1.6 -1.1 
5.5 3.5 3.6 2.9 2.5 1.2 8.0 6.8 5.0 3.9 2.3 2.0 
5.6 5.0 5.2 5.4 5.7 5.1 8.9 8.3 8.1 6.2 5.6 4.5 
6.9 5.5 5.5 5.0 4.1 5. 8.9 8.3 8.0 6.0 4.5 4.4 
7.2 6.1 6.6 5.7 4.6 4.7 8.9 8.2 8.3 7.5 4.6 3.4 
7.2 6.7 6.6 7.0 5.0 3.2 8.1 7.2 7.9 7.7 3.1 1.3 
8.7 6.0 5.8 4.3 2.5 2.1 8.9 6.6 5.0 3.2 1.7 。
8.2 6.0 6.4 5.7 5.3 4.7 8.6 8.3 6.2 5.6 5.2 5.0 
7.9 7.2 7.7 7.9 7.8 8.2 9.1 8.7 8.9 8.9 8.8 8.8 
9A 8.1 8.5 7.6 7.6 7.9 10.0 9.7 9.4 7.8 7.7 7.9 
9.3 8.7 8.9 9.2 9.2 9.1 1.3 10.4 10.2 9.6 9.1 9.3 
200 11.2 1ω11.4 山山山|山 10.1 山山山 11.4
Not巴 :Distance 1 (cm) is a length from the upper edge of the wooden frame towards 
















Table 25 Germination rate 
発芽率調査結果 (1967)
Surveying dat巴
10叩 o小o中1.7111叩1.2212. 1 
1-%1ぺ7ぺ8ぺ8ぺ8ぺJ
1 3 1 131 811 86I 881 88I 88
1-1 1 I 32I 341 37I 37I 37
7 I 36I 40 I 41I 41 I 41 
Tabl巴 26 Grass length increment 
草丈の伸長 (1967)
11. 7 11.14 11. 22 
四25E z2 3 コ口ヨ
関 z主3毛 r23 z- z主3毛
Note 
In plot No. 2 covel'ed by 
laminated fiber 45gjm2 
thick， sUl'veyed under 
fi ber layer. 
12. 1 
2r3 zロ当 Note 
Plot m sU3  m 
qa田UBi3 岡ロ q凶Utヨρ3 m ロ
2白臣、関書5 4 
句印gョ刷 15自吋E 間包U凹3 同
cm cπz cm cm cm cm C町1 cm cm cm 
No. 1 5.5 1.2 7.8 1.5 9.6 1.8 11.3 2.1 12.4 2.2 Plot No.3 
2 7.0 1.7 9.5 2.5 11.7 3.3 14.1 3.8 15.6 4.2 and No.12 
3 一 were not 
4 5.1 1.1 7.3 1.4 9.0 1.8 1.0 2.2 12.2 2.3 seeded. 
5 7.3 1.7 10.0 2.4 12.3 3.2 15.0 3.5 16.1 4.0 
6 7.5 1.6 10.2 2.5 12.4 3.3 15.0 3.6 16.2 4.1 
7 7.4 1.9 10.0 2.6 12.2 3.5 14.8 3.9 15.9 4.4 
8 一 5.5 0.9 7.7 1.3 9.9 1.6 11.5 1.8 
9 5.3 0.8 7.3 1.2 9.5 1.5 10.9 1.6 
10 一 5.7 1.0 8.0 1.3 10.0 1.7 11.8 1.9 
11 4.4 0.8 6.3 1.2 8.1 1.4 9.8 1.5 
12 一 一 一 一 一 一






































11.14 12. 1 
Plot 
Rain I Runof Rain I Runof 
日1日1 口1m mm π1m 
No.1 6.6 2.1 8.9 2.2 
2 6.6 1.3 8.9 1.6 
3 6.6 3.1 8.9 3.6 
4 6.6 1.8 8.9 2.0 
5 6.6 1.2 8.9 1.5 
6 6.6 1.1 8.9 1.5 
7 6.6 1.2 8.9 1.7 
8 6.6 1.3 8.9 1.8 
9 6.6 1.5 8.9 1.7 
10 6.6 1.0 8.9 1.2 
11 6.6 1.8 8.9 2.1 
12 6.6 0.9 8.9 1.5 
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E I a p 5・d time In day 
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人工土壌はプラスチック発抱粉末(エスソイル) 1 kg，ポリ酢酸ビニー ノレ系エマノレジョ






区に 2.5~ 3cm の霜柱が立った. 2 月 11 日にも 3~5cm の霜柱が立ったが この日実験
条件を均一化するため十分に濯水した.以上は施工前の状況である.
2月12日朝には霜柱は発生していない.この日11時50分に人工土壌の撒布施工を行なっ














とこで，c， pは土の平均比熱，密度，は ()j，()2は時刻 Tj，T2における深さ H(淑度不易
屠;の探さ)までの平均滋度である.cp=0.485， H =50cm， T2-Tj= 1 h1'とした時の 1時
121 
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Table 28 Observed data of soil hardness 
土壊硬度測定値
Dat巴 andtime B1ack volcanic Black volcanic Granitic sand Granitic sand 
ash soil ash soil Masa (1) Masa(2) 
Kuroboku (1) Kuroboku (2) 
mm kg/cm2 m町1 kg/cm2 日1m kg/cm2 mm kg/cm2 
1970.2.13. 
9h21'-25' 17.3 0.7 28 9 27 6 29 10 
under freezing 
frost 7.8 0.1 
under 
frost 
9h40' 26.2 5 29.6 12 
111>26' 9 0.15 12 0.26 
16h 8.8 0.14 10 0.18 5.0 0.06 13.1 0.32 


























1956年 2 月 2 日 ~3 日と同年 2 月 19 日 ~21 日の測定では，地表面上60， 40， 20， 10， 5， 
0， -5cmの7点で温度を測定した. 1 957年 3 月 30 日 ~4 月 1 日 の測定では地表面から































o. ~ 2 
E . ~ ト‘。
h • 60 c tn 
("C J 
h' -5 cm 
The relationship of temperature bet-
ween forest land and bare land (2) 
林地と裸地の温度の関係(2)
0， 5119' ，. c) S 1'r ub C. 
Fig.68 
The relationship of temperature 
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Soil temperature distribution in shrub forest 
i笹木林の地温分布
Fig. 69 
。su 9 I f 0 r e $ t 
• Shrub 10rCl$t 
)( 9 Q，. I・nd A. 






A p r， I 
Comparison of soil temperature change 
地温変化の比較
123 





























の地湿の垂直分布は Fig.71のようになる.気温垂直分布では 5~10cm に温度急変が認
められたが， Fig.71でも-3~- 5cmにそれが認められる.そこで 60cmと5cmとの
第 1号山形大学紀要(農学)第8巻72 
31/ _'L '.且 川町
4" Z・"飽.+
Y 











(0 C ) 
4 
(0 C) T e m p. (0 t ) T e m p. 
Vertical distribution of soil temperature 
地温の垂直分布
124 








Table 30 Temperatur巴 differencesamong the lower temperatures 
低温時の温度車交差
T60"，Ts T6~T。 To~T-s 





'19/ U 20h -0.8 1.0 -0.2 -4.6 -1.3 -1.8 -3.6 -2.9 -1.5 -2.5 31/ m 20h -1.6 0.1 -1.4 
22 -2.0 0.9 -0.2 1.01-2.7 5.0 -1.6 -1.6 -3.7 -2.7 -2.0 -3.3 22 -2.2 -0.1 -2.4 
24 -0.3 0.9 -0.1 -3.9 -1.3 -1.8 -3.7 -2.5 -1:6 -3.4 1/ IV 4;5 -2.5 -0.5 -2.6 
'201J 2 -0.2 -0.2 -0.3 0:-2.1 -2.9 -l.1 -l.7 2.5 ← 2.1 -1.8 -1.9 6 -2.5 -0.7 -2.2 
4 -0.2 l.1 -0.1 -0.8 -1.7 -1.3 -0.9 -1.0 2.0 -4.0 -l.1 -1.5 7 -2.4 -0.7 -2.3 
6 -0.3 0.7 -0.4 0.7 -1.41-3.1 -0.9 -0.5 -3.3 -2.4 8 -2.0 -0.8 -2.2 
8 -0.1 。。0.1 -0.8
1












































水滴落下面 (2mx 2 m) を1辺 O.4m の碁盤目に区切り，各々の中央点で雨量を測定
した.雨量分布は雨量の大きい時に不均一の程度が大きいので，本実験では 0.7m111ノズ
ノレ9個のみを使い，また，実験面の中央寄りに 6個の侵食測定器を配置した.各測定器で




















? ? ? ? ?? ? ?? ? ? ? 》
57 130 7.斗
Fig. 72 Man-made precipitation at 
measuring boxes (mm/hr) 
測定器位置の雨量
三原の方法的に従った.25cm X 25cmの厚さ 2mmのガラス板に石鹸水を薄く塗り乾燥
した.予め板紙で覆をして降雨中で 1~3秒間雨漏を受けた.一方，水溶性 1 級赤色のエ




































ラム(太線)のようである.なお， SCHWABらの値で 0.05inch/hrは約 2mm/hr， 4 inch/ 
hrは約 100111111/hrである.1点鎖線は三原の値であるが弱雨は約 211111/hr，強雨は100














際を除いた.中央粒径は1.4m11 ，有効粒径O.l1ml1， Phi Scale表示で求めた平均粒径は
1.02mmである.ベックマン空気式比重計で求めた士粒子の真比重は2.68である.
侵食防止液としては現在の散布緑化工ではアスフアノレト乳剤(アニオンであるPE-1，ヵ
チオンである目玉-1，PM)， レイコー ノレド， NS剤，オレブイン系高分子有機化合物 (Ero司
sion Balancer: EB)， ポリビ、ニー ノレアノレコー ル， ポリアクリノレアミド系樹脂(スミソイ

























































Elapscd time (mln.) 
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Elapsed time (min. ) 
Fig.76 
100 
The usecl amount' ancl runoff. 




























































Rainfall intensity i (10 mrn/hr.) 















Remain nllmbe1' of seeds 
種子残留量 (15cmx 5 cm内の粒数)
60mm/h1' 
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2次元等流の損失水頭 1" はRを径深，U"， を平均流速，gを重力加速度，f'を摩擦抵抗
係数として






























=0によって計算してみると qが小さい時には第3項を無視して良い.これを Table32 
Table 32 Relative error neglecting the third term 
第3項省略による誤差
1 (cm) x (cm) Relati ve error (μ) 
Value from the formula Value from the formula 
Fl(li， x)=O 巴liminatingthe 3rd term 
0.01 0.6256 0.6249 0.11 
0.02 5.002 4.999 0.06 
0.03 16.857 16.834 0.14 
0.04 39.91 39.97 0.15 







/νσ X V/3 
U2*.=gh.i=gi ~一矛ー・+) • (1， 12) 
ることが出来る.んはzでの水深である.法清から法尻までの平均摩掠速度U*は結
次式で求められる.
U*斗 ¥:(gi)I/3(平 y/¥1/6dx斗 (g2i21()q)I/6 (I， 13) 
との式はU*が等流の U*の6/7であることを示している.
土記の K値と U*を使い次式の関係で土砂移動量の無次元表示を行なう.
qb _.. ( U2"， ~L=f l *i(II，14) 
U *d 'l (，σ/p-1)gd J 
??， ? ???，????
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/ Fラ o Shlgorokl .011 
ら • rsuchlyo'， volu ・
01・tln・rl・s/ 
③ 0.05 11m2 
ロ 0.1 " 
企 0.2 " 。0.4 " 。0.8 " 
10 
r-，
0.3 0.4 0.5 0.6 0.7 0.8 
U;I (<1'"11-1 ) g d 
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十 p心A2i+l ) (I， 24) 
ここで，h;， hi+lは下流側および上流側の水深，iは河床勾配である.(I， 23)式， (I， 24) 





































Fig. 85 Cross-section of Akakura 
Valley 
洪水痕跡図




Table 33 Observed data in Akakura main stream 
赤倉沢における測定値
Observed Watershed Cross- Water- Hydraulic Max. 
point area sectional surface radius Water water 
area width stag巴 depth 
km2 m2 m m m m 
O 1.37 25.52 12.70 1.736 361.01 3.06 
B 1.69 31.44 15.03 1.788 340.09 3.39 
C 1.81 46.88 16.01 2.398 327.93 4.66 
















Table 34 Discharge calculated by non-uniform flow formula 
不等流公式による流量
Discharge Specific discharge 
m3jsec m3jsecjkm2 
n=0.06 11=0.08 11=0.09 11=0.06 11=0.08 11=0.09 
197.7 149.9 133.7 129.2 98.0 87.4 
245.2 176.6 155.8 140.1 100.9 89.0 
210.7 158.8 141.3 88.3 66.6 59.2 
Section 
???
Table 35 Discharge calculated by unifol'm flow formula 
平均流述式による流量
Discharge Mean discharge 
m3jsec m3jsec 
11=0.06 11=0.08 Jl=0.09 11=0.06 11=0.08 11=0.09 
179.8 134.8 119.9 
136.1 
192.0 144.0 128.0 
204.1 153.1 
213.6 
262.3 196.7 174.9 
320.5 240.3 
228.4 171.3 152.2 
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界水深んのときの断面係数 Zc をんの関数として求め，また，通水能 ](0 を等流水深 lt~
の関数としてそれぞれを図化して h，hCl /，んを求めた.
ここで


















2.75 2.88 2.74 super-critical f1ow， steep slope channel， 
S2 type draw down. 
3.32 3.15 3.12 sub-critical f1ow， steep slop巴 channel，
Sl type back water. 
2.56 2.29 2.38 sub-critical f1ow， mild slope channel， 
M1 type back water. 







T=290AO.21'e -0・36 (1， 27) 
r.は到達時間T内の平均有効降雨強度であるが，仮に今回の最大時雨量105mmをらとし






T=l/ {20 (h/I)0.6) (1， 28) 
であるが，物部はこの Tを用いて




Table 37 Discharge ca1culated by rational formula 
合理式による流量
6o0bisnetrved| Kadoya & Fukushima Rziha & Mononobe 
Q T r Q 
m3/sec sec mm/hr 日，13/sec
354・ザ
1=0.7 1=0.8 1 =0.9 1=0.7 1=0.8 1=0.9 
同
O 28.0 32.0 36.0 166 624 166 190 214 
B 34.5 39.4 44.4 205 544 179 204 230 
C 37.0 42.2 47.5 248 479 169 193 217 























Table 38 Observed results in tributaries 
支流における測定結果
No. Area sinl llQ/ [1/2 
km2 
Komata (;j 0.12 0.45 20.19 0.12 0.26 26.38 
0.05 0.20 46.31 
0.08 0.19 27.28 
0.05 0.23 54.79 
0.05 0.22 47.08 
0.07 0.18 1.28 
0.10 0.07 5.99 
(1(90)  0.06 0.25 12.76 0.27 0.19 10.39 
Koashi 0.12 0.10 34.53 
0.36 0.12 62.93 
AltaKura((21)  0.09 0.18 24.48 
0.21 0.20 6.15 
0.03 0.37 7.54 
0.03 0.29 8.06 
0.19 0.11 9.74 
0.01 0.51 12.78 
I~l 0.16 0.1 19.7 0.16 0.11 11.8 
(9) 0.04 0.23 2.27 












































Fig. 88 Basic profile of the simple check dam 
谷止工の基本断面図
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Tabl巴 39 Coefficients of W 1 
W1の係数
|① |② I @ I @ 
'p I 0 I 1 I 1 I 0 
1 I 0 I 0 I 1 I 0 



















1 lV. = Teh(h+2h1)1'1V 
RvzIーV3(G)1+Gz+G3+IIF1+IV2十
RH=lV4 
























































3α{1-ms-mJl -2~(mß+ J1l2+ 1Jll)J = 3~(2rß2+ s (m(3r+ 1)十3nrJ
(1 ..11 1¥) 
十川(r+1)+mn(2r+1)十n2r)十3st+nrーペTr一τ)J
? I 1 1 ¥， 3 ..， 1 ..?唱-m2( --i.r一一一 J+~1111t+ --i. n2r-1¥2' 2/'2.....'2 (I， 33) 
②の場合
(， ~(m ， n¥1 M n..11 M ， 1 
3α11-s( I~' +一一)-1JZ1 -+s2-2.;1~ß2+~ß(3JJz+ n) L¥2' 21 6' --(2"2 
十げ十mn}J=(II，制式の右辺
@の場合
3α[l-nß-mllー2~{ß2+ß(2m+n)+げ+mnJJ=(II， 33)式の右辺 (I， 35) 
(I， 33)， (I， 34)， (I， 35)の各式で天端における fの値f∞を求めるには α→∞，戸→∞と



































































































































































































であり， 谷頭侵食は年に 10mmのオーダーの侵食深を与え， 実質的に表面侵食に近い土
砂移動が認められた.
(6) 流域地形の定量的発達過程は山体容積変化量の原地形ヒプソメトリックインテグラ


















































となる.ここで gは重力加速度は勾配， !(は新田・小橋の!(値， νは動粘性係数，q 
は単位幅流量である.この U*を用いれば斜面の土砂移動量は
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The purpose of this investigation is to clarify th~ r~al conditions on soil 
movement at the mountain slope and to get the useful knowledge for control of 
the damage caused by the soil movement.ハ
1. For the sake of passing down safely the sediment at the mountain slopes， 
it is necessary to solv，enext questions; theseare ; (1)the cOl;relation among the 
soi1 movement phenomena， (2)determining quantitatively on the soil movement 
and (3) control functions， of the fore~t relatingto. the guide line of controling 
soil movement. 
2. i. The landslide of a largescale. occured at Akamatsu district in 
Yamagata Prefecturein: April 1974 Iwas the landcreep type mass Ulovement 
caused by the mixture of multi~factor. And as proximate. cause the existence 
of snow melting water corresponding to 40 mm/day precipitation continued for 
14 days long js emphasized. 
i. Seeing the damagestate of Sugi . raptured fron1 hi1side by this 
landslide， itis said that soil and sand were moved in the type of failur・eon 
upper part of the hi1lside，and in the typeof debris f10w on lower part of the 
hillside. 
ii. 1n the same year， two landslides occured in the Kaminagawa 
University Forest of Yamagata Univer甘ty.Bothof them were occured by snow 
melting water as proximate cause. Therefore， we propose that the damage to 
land must be added to theclassification. ofsnow damage in fOl;est besides that 
to forest tree， and in. the classification of.lanc1slide by.causation， we must joined 
the snow melting type as one term. 
3. 1n 1967， many landslides on small scales caused by heavy rain were 
took place on Rokko Mountains. The more the relief ratio 01' the clrainage 
basin increased， the larger the devastation percentage was， and that degr巴ewas 
differ官 ltat the point of 0.3 of the relief ratio. 1n the whole investigation area， 
when the forest age and the crown clensity were lar・ge'，the devastation ratios 
were small. The devastation percentage inpasture and golf~link were larger 
than in the forestlands. 
4. 1n order to seek thesimilarity of so calecl volcanic denuded land， the 
volume ofheadward valley erosion .in sanclgravel 'deposit leyer at Shirakawa.in 
U ji， weremeasured. As a. result. of thismea凱lrement，it was recognized that 
the soi1 transport style in heaclward valley erosion was the moving form by 
unsteady f1ow， erosion depth in headward、valley、erosionwas the unit of 10 mm 
a year， and soil movement similar to surfaceerosion wa:s realized. 
5. It was found that the volUJ，l1etric 'development processes inwatershed 
topography took the form， in.which the-ratibsof change volume of mountain 
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(hi1-hi3) to original terrain hypsometric integral hi1 : {hi1-hi3)/hi1 were shown 
by drainage density D d. 
The following equation was obtained ; 
!t"-!t， __n_(_n_ ， ..~ul 」瓦~=e-aDdle向一{l+D川，
where a and b are the coeffIeients as to the topographical development. 
6. Soil movement values from the bald land at Tamano experimental site 
in Okayama Prefecture were the order of 102 tons/ha a year and the soil has 
transfered constantly each year. On the other hand， inthe greening working 
plots the soil movement values has been decreasing exponentially each year. 
7. In the case of forested condition in Tatsunokuchiyama experimental 
watersheds in Okayama Prefecture， sediment transportation values relating to 
the inclination， precipitation and runoff were less than several tens kg/ha 
annually. 
8. From the viewpoint that the erosive process in mountain slope correspond 
with channel formation， we inspected the law of the stream order formation by 
Horton， and verified the following phenomena; The Horton's law was fitted to 
the incomplete watershed consisting of the middle part of the complete watershed. 
To compare the watersheds each other， itwas clear that the common definition 
of channel was needful. 
Furthermore， our study supports the th巴oryof the dissection index law 
proposed by Tsukamoto. 
9. The experiment on quick injection of sand to the flowing water was 
exercised concerning to the creation and disappearance of the natural dam. Sand 
supply volume QB that wi1l create the natural dam is ; 
QB=EqBW， 
in this formula 
qB = 25 {sgd3)1/2lfJ子
and 
札口{ψ{gI.q)1/2} 1/3/sgd少。，
where， lfJ'e is the dimensionless expression of an effective tractive force， rpis 
u/u* (u is mean velocity and 11* is shear velocity)，少。 is6.0+5.7510g{h/d) (h is 
a water depth andd is a grain size of sand)， s is a specific weight of sand in 
water， g is acceleration of gravity， Ie is energy gradient， q is the discharge in 
unit wide， tvis the channel width， E is a coefficient and qB is the net volume 
of sand in unit width and unit time. 
With the creation and the disappearance of natural dam， the hydraulic value 
changes suddenly i. e. twice in flow velocity and five times in water depth. 
10. Erosional volumes by frost heaving were the order of 102m3/ha per year 
summarizing results by several observers in Japan. 
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11. The 1'elationship between the devastation pe1'centage and the 1'oot weight 
investigated in the Rokko Mountains shows the 1'esults that the g1'eate1' the 1'oot 
weight unde1' 40 cm f1'om g1'ound su1'face becomes， the smalle1' the devastation 
pe1'centage appea1's， in the case of deviding wate1'shed section by the d1'ainage 
density. 
12. We 1'ecogniz巴dthat the fo1'est consisting of the la1'ge sized b1'oad leaf 
t1'ees at Akamatsu dist1'ict had some effects to cont1'ol the landslide， but， it was 
infen・edthat Sl1gi fo1'est did not cont1'ibute to control the landslide. 
13. Analyzing the sediment t1'anspo1'tation from the Tatsunokuchiyama 
water叶ledsby the double mass plotting， the changes of sediment movement 
were found depending on those of forest condition. 1n Frase1' Experiment Forest， 
soil l110vel11ent was inc1'eased by the change of fOl'est condition such as the 
cutting next yea1' and two yea1's later. 
14. Soil movement we1'e decreased continuously by the greening working 
in Tainano experimental site. Soil movement by su1'face erosion were decreased 
nearly one-tenth for three years after wo1'king， conside1'ing the wate1'shed 
inclinations as pa1'ameters. 
15. 1n the area seeded di1'ectIy by the helicopte1'， weakening of g1'ass and 
forming of bare land have been recognizing several yea1's after wo1'king. Besides 
this， S0l11e l11eaning of the seeding by the helicopte1' on the soil movement 
cont1'ol we1'e conside1'ed. 
16. The cont1'olling effects on soil movement by the laminated fiber mat 
we1'e examined at the experiment slope in a campus of Kansai B1'anch of Forest 
Experiment Station. 1t is indicated that the laminat巴dfiber mat with only 30 
g/m2 thick has the controlling effects sufficientIy. 
17. On the control of frost heaving erosion， itwas observed qualitatively 
that plastic foam powder had the effect to prevent the frost heaving. 1n addition 
to this， the effect of keeping warm in shrub forest and that of decreasing the 
range of underground temperature in Sugi forest were measured. 
18. By using the man-made rain apparatus， the controlling functions on soil 
movement by the erosion control agnets were examined. 
i. By using the olefin series agent fo1' the e1'osion control， sediment 
movement was decreased to about two-thi1'd compared with the use of nOI1-
t1'eated soil as the 1'ainfall of 39mm/h1'. While by using the sediment control 




where. g is the ac氾erelationof gr"vity， i isthe surf;lce slope， !( is the]( value 
by Nitta and， Kotashi， lJ， ii!出e，coefficient of kinematic viscosity and q is the 
discharge of unit width. By using this U * value， the sediment transport on the 
!310pe is ShOW11 in next forl11 ; 
~~rf~2_*_，1. " 
[J *d "l (σ/p一!)gdjf 
wherモqb :， volllme in an unit wi凶dt出h0ぱfs問似副e伎吋din附
，a/p: speci江fi必cweight of s~diment 
~ : grain size 
By 中山iぬse低xp伊民s白s討邸iぬ01九itμis shown that qb is deCl:easecl appreciably as the used 
volul11e of agents over 0.21/mZ increases. 
19. An estil11ation of ，peak discharge on the l110untain slope was atte1l1pted. 
i. To il11prove the flo.d l11ark methocl being used nor1l1al1y now-a-days， 
the next formula was derived， by depending on the basic for1l1ula of one di1l1en・
sional gradually varied flow. In the sub-critical flow， discharge Q is ; 
QZ=寸;ニdニ / t円2g¥A寸-rA二?ηJT"-'-2-¥ A可瓦万γ 1江疋;二;~473)J 
in the" super-critical flow ; 
γ( 1f 1 ι I¥" .?， L1Xi (1 ' 1 ¥ ) 
QZ=L1h; / l ~I~----;"- l+ nz "'~'i 1-;-0一一一+Az D 4/3 n / l 2g ¥ AZ;+了す了)''2 ¥AZ;R;4/3 ' A，Z内 R川 473)J 
where，L1h; is， the、differencein water stage betwee11 、upper'and lower two 
sections， g Is 'gravitational ";lcceleration， A is the cross-sectional area， R is 
hydl'a.ulic radious， 1i，is Manning's roughness coefficient， sl1ffix 'i shows the lower 
side， suffix 十1shows the utper sidβand • L1x; is the distance between tvvo 
S氾ctions.
i.， The f01'mula ' above 'l11entioned was very fittable in the range <If 
transmit-deposit sections on mounta'inslope. 
On the floodat Ma1l1urogawa in 1915，' the specific discharge of nearly 100 
m3/sec/kmz was calculated. On the contrary， inthe range of prodl1ct-transmit 
sections of sediment， the' vol11l11e of specific 'discharge calc111ated， was too 
different to compare with the value derived froIl1 rational formula. It wil1 be 
the subject for a future study. 
20. In order to inclllde the wat町 pressl1問 onthe crown of simple check 
dam in designformula， ，three coefficients were condl1cted， these are，ψwhich 
talces zero when wat疋rpressure on the crown isneglect疋d，εwhichtakes zerO 
when pool of upper stream is empty and !P1 which' takes zero' when triang111ar 
distribution of static water pressur・'eon the crown is Sl1pposed. 
Supporsihg that the action point of a res111tant force is on the distancee 
fr01l1 the center of the bottom width s， dimensionless paraineterα， s， r and $ 
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are defined as follows ; 
where 
h1=αh， b=s!t; e=I';B， r=r"，/r附
m : up-atream batter 
1t : down-stream batter 
h : dam height 
h1 : over flow depth 
b : crown width 
rw : specific weight of water 
r m : specific w巴ightof dam 










Substituting 1';=1/6 in the above formula， the dimensionless design equation 
for up-streal11 batter is induced ; 
(A-士D)m2+(B-+E)m+(C-+F)=0 
On the contrary， giving m value in the above forl11ula， and calculating 1'; 
value on each sliced da1l1 bodies， a pressure actionline is given. 
On the crown of dam， the position of pressure line lies at the center point 
for the quadrangular distribution of the water pressure， atthe upper edge of 
1l1iddle third for triangular distribution. 
21. Fr01l1 the synthetical considerations on the resu1ts above l11entio11ed， 
s0l11e descriptions are explained as follows ; 
i. The sediment movel11ent phenomena depends upon the topographical 
change finally， that is， the relationship among each erosional phenomena is 10t 
independent， but mutual. 
As the sedil11ent l110vements have the continuity， the control procedures for 
those movements should be also continuous and unifiable in relation to both 
time and space. 
i. Investigation on sedi1l1ent movel11ent needs access from many view 
point. The movement depends largely 01 topographical factors and has many 
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differ巴ntpoints against the general rivers. But， investigations on external forces 
are sti1 insufficient and there are many questions to solve in future， inwhich 
the estimation of maximum discharge containing soil and gravel on the channels 
with steep slope should be inc1uded. 
ii. The controlling function of sediment movement by forest may give 
the objective value of the soil movement allowarance on mountain slope without 
disturbing the ground surface. 
Unti1 the forest regenerates enough， various kinds of controlling procedl1'es 
for the sediment movel11ent l11ust be introduced. 
As the results above mentioned， itis conc1uded that the control of sedil11ent 
transportation by forest is cOl11parati vely sup巴riorprocedl11'es， a~d the effect of 
greening works is not shown iml11ediately after working， so it would be better 
to use the controlling l11ethod by various ldnds of artificial mater恒ls.For the 
designing these works， itis better to adopt the discharge estimation forl11ula 
and the calculation forl11ula on preSSl11'e action line proposed by the author. 
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